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Infections with NDM producers
E. coli, Klebsiella, Enterobacter, Serratia, Citrobacter, Pseudomonas, Acinetobacter

Asymptomatic colonisation

Wound infection / Diabetic foot

Lower urinary tract infection

Upper urinary tract infection
SEVERITY

Upper urinary tract infection

Nosocomial pneumonia / VAP

Intra-abdominal / pelvic infection

B t i / ti iBacteraemia / septicaemia

Neurosurgical meningitis









Plasmids

160 kb
130 kb

36 kb 110 kb

Chromosome

OmpC deficience Multiresistance

Plasmids
NDM-1, CTX-M-15      Broad-spectrum ß-lactam R

TEM-1, OXA-1,OXA-9, OXA-10,   Narrow-spectrum  ß-lactam R

ArmA, RmtB, AAC6’      Broad-spectrum aminoglycoside R

OmpF deficience Mutliresistance

AmpC ß-lactam R

h l i

AphA, AAC3’

Acetylase Chloramphenicol R

Ribosylase Rifampin R

QepA Quinolone Rcephalosporinase

GyrA, ParC            Fluoroquinolone R

Q p Q

ErmB, mel, mphB Macrolide R

BleMBL Bleomycin R

SulI Sulfamide R

Dhfr1  Dhfr 12 Trimethoprim RDhfr1, Dhfr 12 Trimethoprim R

QacE Quaternary ammonium R

merATPADE Heavy metals R
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Spread of carbapenemase producers in Enterobacteriacae
in Europe

Endemic

Interregional spread

in Europe

Regional spread

Independent hospital outbreaks

Single hospital outbreaks

Sporadic occurrence

Not reported / no data 

Canton R et al. CMI in press



Spread of carbapenemase producers in Enterobacteriacae
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Répartition (en pourcentage) des souches positives (n=109) 
CNR Résistance ATB- Janv-Juin  2012, en fonction du type de yp
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Répartition (en pourcentage) des souches positives (n=109)
CNR Résistance aux Antibiotiques en fonction du type 

d’ té b té id’entérobactérie
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When to suspect carbapenemase production ?







N°. Isolates

Ph i Mi NM36 Mi Vit k 2Phoenix Microscan NM36 Microscan 
NBC39

Vitek 2

Pos Neg Pos Neg Pos Neg Pos Neg

KPC (n=8) 8 0 8 0 8 0 8 0

MBL (IMP, VIM, NDM; n=20) 20 0 19 1a 20 0 16 4a

OXA-48 (n=11) 11 0 6 5 4 7 5 6

E. coli/Klebsiella spp., 
ESBL/porin loss (n=10)

10 0 10 0 8 2 8 2

Enterobacter spp., AmpC/ESBL, 
porin (n=6)

6 0 5 1 5 1 2 4



Reasons for such an heterogeneity

• Variability of the strains genetic background
(+/-impermeability and +/- other ß-lactamases)

• Variability of the ß-lactamase variant (+/- strong 
carbapenemase activity)carbapenemase activity)

• Variability of  genetic support:Variability of  genetic support
chromosomal (1 copy) vs plasmid (+/- high copy 
number)

• Variability of gene expression:
+/ strong promoter+/- strong promoter
position of the gene cassette if integron-encoded



However…

• Carbapenem non-susceptible isolates do not p p
necessary produce carbapenemases

ESBL d i   bili  d f    ESBL production + permeability defects may 
lead to resistance, in particular to ertapenem

 AmpC production + permeability defects may 
lead to resistance, including to imipenem, g p





Loss of porin





Inhibition by cloxacillin;non-
carbapenemase/carbapenemase producerscarbapenemase/carbapenemase producers

ERT ERT +  CLOXA
(mm) (mm)( ) ( )

E cloacaeE. cloacae
AmpC overproducers 22 31
n=20

E lE. cloacae
carbapenemases 16 16
n=20



Inhibition;KPC detection

E. coliK. pneumoniae

(Nordmann, Cuzon, Naas Lancet Inf. Dis. 2009)





CarbapenemCarbapenem--hydrolyzing hydrolyzing metallometallo--ßß--
l tl t (IMP  VIM  NDM)(IMP  VIM  NDM)lactamaseslactamases (IMP, VIM, NDM)(IMP, VIM, NDM)

•• RequiresRequires zinc ions to zinc ions to bebe functionalfunctional

•• Not Not inhibitedinhibited by by clavulanicclavulanic acidacid

•• InhibitedInhibited in vitro by EDTA and in vitro by EDTA and dipicolinicdipicolinic acidacid•• InhibitedInhibited in vitro by EDTA and in vitro by EDTA and dipicolinicdipicolinic acidacid
•• Hydrolyse Hydrolyse penicillinspenicillins, , broadbroad--spectrumspectrum cephalosporinscephalosporins, , 

h ih i   bb  b t NOT  b t NOT b tb tcephamycinscephamycins, , carbapenemscarbapenems, but NOT , but NOT monobactamsmonobactams



MetalloMetallo--ßß--lactamase; lactamase; E. coliE. coli (NDM(NDM--1) 1) (( ))



MetalloMetallo--ßß--lactamase; lactamase; K pneumoniaeK pneumoniae (NDM(NDM--1) 1) 



MetalloMetallo--carbapenemasecarbapenemase; detection; detection

EDTA is a good inhibitor

Walsh et al. JCM, 2002, 2755-9

EDTA is a good inhibitor





Combined disk tests

IMP

IMP + EDTA



Combined disk tests

IMP

AMC

IMP + EDTA

ATMATM



Combined disk tests

IMP

AMC

IMP + EDTA

ATMATM

ESBL (SHV-12) and metallo-ß-lactamase (IMP-4) Poirel et al., Pathology, 2004, 36, 366-8



InIn--vitro spectrum activity of class D ßvitro spectrum activity of class D ß--lactamaseslactamasesInIn--vitro spectrum activity of class D ßvitro spectrum activity of class D ß--lactamaseslactamases

Penicillins Cephalosporins
1st and 2nd

generation

ß-lactams/
Inhibitors of
ß-lactamases

CarbapenemsExpanded-spectrum
cephalosporins

EEClass EnzymeEnzyme

D Oxacillinases 





Phenotypic tests: Hodge testyp g





A method for expert labs; spectrophotometry detection A method for expert labs; spectrophotometry detection 
of carbapenemase activityof carbapenemase activityof carbapenemase activityof carbapenemase activity

18 h C lt18 h C lt t it i t tit ti•• 18 h Culture18 h Culture--proteinprotein extractionextraction--
measurementmeasurement of of carbapenemcarbapenem hydrolysishydrolysis by UV by UV 
spectrophotometryspectrophotometry

- 10 µl of bacterial crude extract + 100 µM of imipenem
- wavelength: 297 nmg

Bernabeu, Poirel & Nordmann, Diag Microb Infect Dis, 2012 in press







The problems of detection of 
b  dcarbapenemase producers

① Experienced  personal
② Time consuming; 24 72 h or② Time consuming; 24-72 h or 

more
③ Variable sensitivity and specificity③ Variable sensitivity and specificity 
④ Expensive; molecular techniques



Which is the situation ?

 Susceptibility testing : imipenem, ertapenem, meropenem:CLSI, EUCAST guidelines

Currently available diagnostic tests for carbapenemase producers

p y g p , p , p , g

 Phenotypic detection
- Hodge test; modified Hodge test

Inhibition; EDTA  clavulanic acid  boronic acid- Inhibition; EDTA, clavulanic acid, boronic acid…

 Carbapenem hydrolysis (spectrophotometry, mass spectro)

 Molecular biologygy
- Specific  PCR , muliplex PCR +/- sequencing
- Real time PCR (Check Point)
- DNA Microarray (Check Point)

Goal

A rapid, specific, sensitive, cheap test for detection  of A rapid, specific, sensitive, cheap test for detection  of 
carbapenemases in Enterobacteriaceae worldwide



Principle of the testp
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The Carba NP test; the kit

Solution A
(Dil t d d h l H 7 8 

Lysis buffer
(Diluted red phenol pH=7.8 

+ ZnSO4 0.1 mM)

96 wells plate

Solution B
(3 mg of imipenem powder)



Strains collectionStrains collection

  C b  d   162C b  d   162• • Carbapenemase producers : n=162Carbapenemase producers : n=162
-- The enterobacterial species; The enterobacterial species; E .coli E .coli (n= 22), K. pneumoniaeK. pneumoniae, (n=81), , (n=81), 
th s (  59)th s (  59)others (n =59)others (n =59)

-- Variability of the level of resistance to carbapenemsVariability of the level of resistance to carbapenems
-- KPC (n=49), VIM (n=26 ), NDM (n= 28),OXAKPC (n=49), VIM (n=26 ), NDM (n= 28),OXA--48 type (n= 27), 48 type (n= 27), ( ), ( ), ( ),( ), ( ), ( ), yp ( ),yp ( ),

others (n= 12)others (n= 12)
•• Carbapenemase nonCarbapenemase non--producers: n= 46producers: n= 46

-- The enterobacterial species; The enterobacterial species; E.coli E.coli (n=13),(n=13),K. pneumoniaeK. pneumoniae (n=  (n=  
17), others (n=16)17), others (n=16)

D  tibilit  t  b  ( 23) i l di  D  tibilit  t  b  ( 23) i l di  -- Decrease susceptibility to carbapenems (n=23) including Decrease susceptibility to carbapenems (n=23) including 
combined mechanisms of resistance (outer membrane combined mechanisms of resistance (outer membrane 
permeability defect+ CTXpermeability defect+ CTX--M, AmpC…)M, AmpC…)permeability defect  CTXpermeability defect  CTX M, AmpC…)M, AmpC…)

-- WildWild--type susceptibility to carbapenems (n=23) including type susceptibility to carbapenems (n=23) including 
CTXCTX--M or AmpC producers.M or AmpC producers.



Interpretation of the Carba NP test

Imipenem
+-

p

No inoculationNo inoculation

Non-carbapenemase producer

Carbapenemase producer



The Carba NP test

Sensitivity =   100%Sensitivity    100%

Specificity = 100%Spec f c ty  00%

Nordmann, Poirel, Dortet, Emerg Infect Dis, 2012, 18:1503-1507



The Carba NP test

A bl M ti fAmbler 
class Carbapenemase type Mean time for 

positivity

A KPC 15 min- 1h

A GES 2 5 1h 1h30A GES-2, -5 1h-1h30

B NDM 20-50 min

B VIM 20-50 min

B IMP 5-30 min

D OXA 48 30 40 iD OXA-48 30-40 min



Question ; any carbapenemase here ?

K. pneumoniae K. pneumoniae K. pneumoniae

ETP ETP ETP

IMP IMP IMP

E. coli E. coliE. coli

MEM MEM MEM

ETP

IMP

ETP

IMP

ETP

IMPIMP

MEM

IMP

MEM

IMP

MEM



Question : any carbapenemase here ?
K. pneumoniaep

CTX-M15 + impermeability K. pneumoniae OXA-48 K. pneumoniae KPC-2

(+) 30 min(-) 2 hours (+) 5 min

E. coli VIM-1 E. coli NDM-1E. coli IMP-1

(+)25 min(+) 30 min (+) 20 min



The Carba NP test

① Rapid; less than 2 h

②  %② Sensitive; 100%

③ Specific: 100%③ p f

④ Detection of any type carbapenemase activity

⑤ Cheap : 0.5 USD

⑥ Easy-to-handle⑥ Easy to handle

⑦ Implementable worldwide



Carbapenemases- Enterobactericeae
ireservoirs
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Detection of carbapenemase producers
 l i  f h  i i l flas colonizers of the intestinal flora

1 2 3

Oxoid Brillance CRE agar

ESBL ID bioMérieux 
(Carbapenemase and ESBL producers)

(Thermo Fisher)
contains a carbapenem

CHROMagar KPC

(Carbapenemase and ESBL producers)
contains a cephalosporin

g
(carbapenemase producers)
contains a carbapenem









A novel screening medium
( d  i  Bi êt )(made in Bicêtre)

SUPERCARBA medium

•Use of a Drigalski medium for selection of Gram negatives

• Supplemented with a carbapenem

• Supplemented with cloxacillinSupplemented with cloxacillin

• Supplemented with ZnSO4

Nordmann, Girlich, and Poirel, J. Clin Microbiol. 2012



A novel screening medium
( d  i  Bi êt  h it l)(made in Bicêtre hospital)

Combines many advantages

E ll t iti it• Excellent sensitivity
• for OXA-48 producers thanks to a low concentration of the
carbapenem
• for MBL producers (especially NDM) thanks to the addition of
zinc ions

• Excellent specificity
• supplemented with a carbapenem, not a cephalosporin (no
growth of an ESBL+ and carbapenem susceptible strain)growth of an ESBL and carbapenem susceptible strain)
• supplemented with cloxacillin (no growth of an AmpC-mediated
carbapenem non-susceptible strain)

Nordmann, Girlich, and Poirel, J. Clin Microbiol. 2012,



A novel screening medium
(SUPERCARBA di )(SUPERCARBA medium )

_________________________________

Supercarba Brilliance ChromKPC
CRECRE

Sensitivity (%) 96 76 43Sensitivity (%) 96 76 43

S ifi it  (%) 61 57 68Specificity (%) 61 57 68

________________________________________________



- Rapid detection of carbapenemase producers p p p
in Enterobacteriaceae is now possible. To be 
implemented worldwide

- Carba NP test interesting for antibiotic 
stewardship and outbreak controlstewardship and outbreak control

- Hodge test, inhibition techniques…are less g , q
likely to be used in the future.. delay for the 
results

- Molecular techniques are useful mostly for 
epidemiological purposesepidemiological purposes

- Screening media are being developed with Screening media are being developed with 
good sensitivity and specificity


